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Abstract

This paper presentsthe resultsofmeas-

urements ofthe degradationofan MSK satel-

litelinkdue to modulated and CW

(unmodulated) interference.These measure-
ments were made usinga hardware based sat-

ellitecommunication linksimulatorat NASA

Lewis Research Center. The resultsindicate

the amount of biterrorratedegradation

caused by CW interferenceas a functionof

frequencyand power level,and the degrada-

tioncaused by adjacentchannel and cochannel

modulated interferenceas a functionof inter-

fererpower level.Resultswere obtained for

both the uplinkcase (includingsatellitenon-

linearity)and the downlink case (linear

channel).

Introduction

Satellite communication links are sub-

ject to interference from various space-based
and terrestrial sources. These sources create

interference at various relative power levels

both within the channel of the desired signal

and in adjacent channels.

The SITE Space Communication Sys-

tem Simulator has been developed at NASA's
Lewis Research Center to enable the evalua-

tion and verification of technologies related to

high frequency (Ka Band), high rate

(>200 Mbps) space communication links and
networks. L2 The simulator allows the evalua-

tion of components, subsystems, and net-

works, primarily in terms of the end-to-end

system bit-error rate (BER). In particular,

the SITE system has the ability to simulate

various interference environments and quan-

tify the effects of the interference on system

performance.

In order to develop a set of measured

data on the performance degradation due to
interference for a minimum shift keyed (MSK)

satellite link, a series of measurements were

performed using the SITE simulator. One set
of measurements consisted of cochannel and

adjacent Channel MSK-modulated interference

at several power levels. A second set of

measurements consisted of continuous wave
(CW), i.e., unmodulated ir_terference, at sev-

eral power levels and several frequencies rela-

tive to the frequency of the desired signal.

For both cases, measurements were made to

simulate uplink and downlink interference

separately. Noise was added to allow BER
versus energy-per-bit to noise power density

ratio(Eb/No) curvesto be measured. The
resultsof thesemeasurements are presented

below,followinga descriptionof the measure-

ment system.

Description of Measurement System

The MSK modulator and demodulator

used for these measurements are described in

Figs. 1 and 2. In order to ease implementa-

tion at the required data rate of 220 Mbps,
the modulator and demodulator were designed

in a serial, rather than the more familiar

quadrature fashion, as described in Ref. 3,
leading to the designation serial MSK

(SMSK). These modems have been combined
with ground terminal control circuitry to form

a complete digital ground terminal, operating

at 220 Mbps. The ground terminal also con-

tains a noise insertion and Eb/N o measure-
ment subsystem. Finally, the ground terminal

can create a pseudorandom data pattern for
modulation and transmission and count errors

in the received demodulated data stream. 4

This BER measurement is accomplished under

computer control, with the result being a



complete BER versus F_,b/No curve measured
from about 10.2 to 10 "s BER. S

A simplified block diagram of the SITE

simulator is shown in Fig. 3. For the purpose

of describing the interference measurements, it

suffices to show the satellite transponder as

consisting of primarily the TWT, operated at

saturation. The TWT represents the only

limiter in the transponder. As a result, the

uplink interference measurements include the

effects of transponder nonlinearity, while the
downlink interference measurements do not.

No channel filtering was used on the trans-

ponder; the available bandwidth was 2.5 GHz.

Similarly, no channel filters were placed in the

ground terminal downconverter. All channel
filtering was accomplished in the demodulator.

A complete characterization of the channel
has been performed. 6 The transponder oper-

ating conditions and frequencies were chosen

for optimum system performance; the BER
curve measured with no interference present

fell within 1 dB of the theoretical curve (at a

BER of 10"6).

The data source, modulator, demodula-

tor, and BER measurement system reside in

the digital ground terminal as described

above. The interfering signals were combined

with the "desired" signal as shown in Fig. 3,
and the relative power levels of the interferers

are measured at these points.

The CW interferers were placed at 17

frequencies relative to the desired signal, as
illustrated in Fig. 4. The main lobe of the

SMSK spectrum has a width of 1.5 times the

data rate (in this case, 330 MHz). Note that
MSK is in the class of continuous phase fre-

quency shift keyed modulation, with the sig-
naling frequencies at +0.25 times the data

rate. At 220 Mbps, this corresponds to

=1=55MHz from the center of the spectrum.

Interferer spacing was thus chosen at 55 MHz

so these frequencies would be interfered with

directly. In the coherent, serially imple-

mented scheme used for these measurements,

the lower signal (-55 MHz) is the carrier. The

adjacent channel modulated interferers were

centered at -i-330 MHz from the center of the

desired signal. This is equivalent to having no

guard band between the main spectral lobes of

the two adjacent signals.

Results for CW Interference

The downlink CW interference results

are presented in Fig. 5. Although measure-

ments were made for interferers at frequencies
from -440 to +440 MHz relative to the center

of the desired signal, no degradation was
measured below -220 MHz or above

+220 MHz at any power level, and therefore
these data are not shown.

The four curves in Fig. 5 represent the

BER degradation (compared to the case where
no interferer was present, _t BER = 10"6) as a

function of interferer frequency, relative to the

center frequency of the desired modulated sig-

nal, for four interferer relative power levels.
The results indicate that downlink interference

levels below -25 dBc produce negligible degra-

dation of the BER. At -15 dBc, the CW

interference produces degradation of about
2 dB within the center one-third of the SMSK

spectrum (main spectral lobe). Levels above

-15 dBc produce significant degradation across
the entire SMSK spectrum, with interferers

above -10 dB causing complete loss of data.

The results for the uplink CW interfer-

ence are presented in Fig. 6. The four curves

represent the BER degradation as a function
of frequency for four interferer relative power

levels. For uplink interference, the relative

signal must be -30 dBc or lower to have negli-

gible effect. Levels of-20 dBc and above

cause severe degradation or complete loss of
data.

The uplink interference has significantly
greater effect on the system BER than the

downlink interference for a given relative

power level. This is due to the nonlinear

satellite transponder which is present in the

uplink measurement but not in the downlink

measurement. The nonlinearity contributes
intermodulation distortion to the interference



effects, so that even interferers well outside of

the channel (in the absence of channel filter-

ing) can affect the system performance.

ResultsforModulated Interference

Modulated interferencemeasurements

were made foran adjacentchannel both above

and below the desiredchannel. As Fig.4

shows, the SMSK spectrum issomewhat

asymmetrical,with the firstsidelobeabove

the main lobeabout 5 dB higherthan the first

sidelobebelow the main lobe,due to the

serialmethod of implementing the MSK mod-

ulation.Thus, slightlymore degradationis

experiencedforthe adjacentchannel interferer

below (forthe uplinkcasewith the nonlinear

transponderpresent).

The uplinkadjacentchannel resultsare

plottedin Figs.7 and 8,with the data pre-

sentedas BER versus F_,b/No curvesforeach

relativepower leveltested.The adjacent

channel interfererbelow caused 0.5 dB greater

degradationthan the interfererabove the

desiredsignalat the highestpower leveltested

(-5dBc). For the adjacentchannel below,
interferencebelow a levelof -15 dBc caused no

measurable degradation.The adjacentchan-

nel below caused 1.3dB ofdegradationat a

levelof-5 dBc. For the adjacentchannel

above the desiredsignal,levelsbelow -5 dBc

caused lessthan 0.4 dB degradation. At

-5 dBc, the degradationwas 0.8 dB. These

relativelysmall amounts of degradationwould

likelybe reduced by effectivechannel filtering

at the transponderinput.

The uplink cochannel interference

results are presented in Fig. 9, for five differ-

ent power levels. The results show that a
cochannel interferer as low as -30 dBc causes

0.8 dB of degradation. The degradation
increases to 1.7 dB at -20 dBc and 3.3 dB at

-15 dBc. Above -15 dBc, the effects of the
cochannel interference are severe.

The downlink adjacent channel results

are shown in Figs. 10 and 11, for four power

levels.For levelsas high 0 dBc, the degrada-

tionislessthan 0.6dB. The resultsare simi-

larforthe adjacentchannel both below and

above the desiredsignal.In the absence of the

nonlinearity,the demodulator can effectively

filterout the adjacentchannelinterference.

The downlink cochannelinterference

resultsare plottedin Fig.12 forthreepower

levels.At -30 dBc, the degradationisnegligi-

ble. At -20 dBc the cochannelinterferer

causesabout 0.8 dB of degradation,and at

-15 dBc the degradationis1.5dB. Degrada-

tionbecomes severeabove -10 dBc. Com-

pared to the uplinkcase,the downlink channel
isabout 10 dB more tolerantof cochannel

interference,due to the added intermodulation

distortioncreatedby the nonlineartrans-

ponder forthe uplinkcase.

Conclusions

The results of interference degradation
measurements made at NASA Lewis Research

Center have been presented. These measure-
ments were made on a hardware-based satel-

lite link simulator using 220 Mbps SMSK

modulation. In general, the results indicate

that the downlink is significantly less suscep-

tible to interference than the uplink. This is

due to the nonlinearity existing in the satellite

transponder, which is present in the uplink
interference measurements but not the down-

link. Effects of CW interference are negligible

below -30 dBc on the uplink, and are negligi-

ble below -20 dBc on the downlink. Adjacent
channel modulated interference effects are

negligible for the downlink, and relatively

small on the uplink. Susceptibility to
cochannel interference is also about 10 dB less

on the downlink than on the uplink. Overall,
these measurements indicate that the MSK

satellite channel can handle reasonably high

levels of out-of-band interference, with some

improvement likely when channel filtering is

added to the transponder. For the cochannel

case, levels of-30 dBc and above on the
uplink and -20 dBc and above on the down-

link cause measurable degradation.
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